Abstract
Introduction
The cognitive status in old age ranges from a cognitive function characteristic of normal adult functioning to severe cognitive impairment that is observed in dementia. Genetic, environmental, psychosocial and experiential factors across the entire life are important contributing factors.
The study of nongenetic factors is important because it is possible to develop evidencebased prevention programs to reduce the incidence of dementia if we can firmly establish the causality and relative contributions of multiple modifiable factors in the development of dementia [1, 2] . To this end, previous research has provided evidence supporting the possible role of psychosocial factors (e.g., mentally stimulating activity, social engagement and physical exercise) [3, 4] as protective factors.
Few studies have examined the association between marital status and cognitive function in late life. Limited evidence from Caucasian populations suggests that being single increases one's risk of cognitive impairment. Data from the PAQUID (Personnes Agées QUID) cohort showed an increased risk of Alzheimer's disease among those who never married (relative risk = 2.68) compared with married persons or cohabitants [5] . In the FINE (Finland, Italy and the Netherlands Elderly) study, men who had been living without a partner had at least a two times stronger cognitive decline later in life compared to men who had been living with a partner [6] . Another analysis based on data from the CAIDE (Cardiovascular Risk Factors, Aging and Dementia) study found that noncohabitants in midlife had about two times the risk of developing cognitive impairment later in life compared to cohabitants [7] . It is not known whether the same association exists among Asian elderly despite social, economic, cultural and lifestyle differences between the West and the East.
In the present study, we aimed to replicate and expand previous findings with data from a large sample of community-dwelling Chinese older adults. We hypothesized that: (1) being single or widowed would independently increase the risk of cognitive impairment in late life; (2) men would be more vulnerable to the effects of singlehood and widowhood than women, and (3) social engagement could protect single and widowed persons from cognitive impairment.
Methods

Subjects
The subjects in this study were 2,498 participants of the Singapore Longitudinal Aging Study (SLAS), a community-based epidemiologic study of aging and health. They were adults aged ≥ 55 years living in the southeast region of Singapore. The methodology of the SLAS has been described in details elsewhere [8] [9] [10] [11] [12] . Briefly, a door-to-door census was conducted from September 2003 to November 2005, and eligible persons were invited to participate in the SLAS. A total of 2,808 adults participated in the SLAS with a major proportion of them being Chinese. The response rate was 78.2%. Nonparticipants included those who were unable to complete the interview because they were too frail or terminally ill, such as those with stroke aphasia and profound dementia (8.5%), or they refused or could not be contacted (13.2%).
Due to the small proportion, the non-Chinese participants were omitted, giving us 2,607 Chinese subjects in the study. For this study, after excluding 106 participants with missing cognitive performance information and 3 participants with missing marital status information, we performed our analysis on the data of 2,498 participants.
The SLAS project was approved by the National University of Singapore Institutional Review Board. All participants signed an informed consent letter before participating.
Cognitive Performance
The Mini-Mental State Examination (MMSE) test was used as a measure of global cognitive functioning [12] [13] [14] . Summed scores from the MMSE ranged from 0 to 30 where higher values denote better cognitive functioning. Cognitive impairment was defined as having MMSE scores of less than 24 points [14] .
Marital Status
Information on the marital status was collected through a face-to-face questionnaire interview. Four categories were defined in the questionnaire for the SLAS: single, married, divorced/separated and widowed.
Social and Productive Activities Score
Social and productive activities were measured by the frequency (0 = never, 1 = sometimes, 2 = often) with which a subject engaged in six social activities (attending religious services, visiting cinemas/restaurants/sports events, day or excursion trips, playing cards/ games, joining senior citizen club activities and participating in social group activities such as karaoke and line dancing) and six productive activities (hobbies such as gardening/painting, preparing meals, shopping, paid community work, unpaid community work or other employment or business). The summed score of social activities (possible range of scores: 0-12), the summed score of productive activities (possible range of scores: 0-12) and the combined social and productive activities score (social engagement score, possible range of scores: 0-24) were analyzed as continuous variables. Social engagement scores in tertiles were used in the analysis of the association between social engagement and cognitive impairment among single and widowed persons.
Other Data
Related data included sociodemographic variables (age, gender and education), substance use (cigarette smoking and alcohol consumption), medical conditions, medications, blood pressure and fasting blood glucose. The 15-item Geriatric Depression Scale (GDS) [15] , which was validated locally [16] , was administered as a measure of depression. APOE genotyping was identified by PCR amplification followed by restriction endonuclease digestion of the PCR product. Physical activities were measured by the frequency (0 = never, 1 = sometimes, 2 = often) with which the respondents engaged in each of four fitness activities: physical exercise routines, walking, active sports or swimming and taiji. The summed physical activities score was used in the analysis as a continuous variable.
Hypertension was defined as having a systolic blood pressure of >140 mm Hg or a diastolic blood pressure of >90 mm Hg or a history of hypertension treatment. Diabetes mellitus was defined as a fasting blood glucose concentration of ≥ 7.0 mmol/l or a history of treatment for diabetes mellitus. Depression was defined as a GDS total score of ≥ 5.
Statistical Analysis
We first computed frequencies and other descriptive statistics to find out the characteristics of the sample. The associations between variables and marital status were assessed by χ 2 tests for the categorical variables and by analyses of variance for the continuous variables. Hierarchical logistic regression was used to examine the relationship between marital status and cognitive impairment. Odds ratios (ORs) of having cognitive impairment with 95% confidence intervals (CIs) were obtained from the fitted models where we specified the married group as the control category. The base model (model 1) consists of the marital status only. In model 2, we adjusted additionally for age, gender and education; smoking and alcohol consumption, hypertension, diabetes mellitus, heart diseases, stroke, physical activity, APOE ε4 carrier status and depression were further adjusted in model 3, and social and productive activities were further adjusted in model 4.
Multiple logistic regressions based only on single and widowed subjects were performed to examine the association between social engagement (combination of social and productive activities) and cognitive impairment. The relationship between social engagement scores and MMSE total scores was shown using a scatter plot. All data analyses were performed by SAS 9.1 (SAS Institute Inc., Cary, N.C., USA).
Results
Among these 2,498 subjects, about 74.3% of them were married, 6.1% were single, 3.0% divorced or separated and 16.6% were widowed. The prevalence of cognitive impairment (defined as an MMSE score ≤ 23) was 12.2% (n = 306). As shown in table 1 , subjects who were widowed were generally older. This group had the highest percentage of women and subjects who had primary education and below. They also had the highest occurrence of hypertension and diabetes mellitus. Singles had the highest proportion of smokers but the lowest proportion of alcohol drinkers and the lowest mean score for social and productive activities. We also observed a high frequency of heart disease in the group of singles compared to the other two categories. Married persons had the highest mean score for physical activities and the lowest occurrence of depression while the divorced or separated had the highest occurrence of stroke and the highest percentage of APOE ε4 carriers. The widowed persons had the lowest mean MMSE score, as compared to the other three groups. Various characteristics of male and female subjects based on marital status are shown in table 2 .
In the logistic regression analysis results shown in table 3 , compared to married participants, single persons had about 2.5 times increased odds of cognitive impairment. Moreover, Figures are means ± SD or numbers with percentages in parentheses.
after adjusting for possible confounders, the widowed group did not show a significant difference in odds of cognitive impairment compared to the married participants. No significant associations were found with cognitive impairment for being either divorced or widowed. Stratifying by gender showed significant results among the men. Single men had about a 6.2 times and widowed men had about a 5 times increased risk of cognitive impairment at the time of cognitive measurement compared to the married men. Women living without a partner, however, did not have a significantly higher risk of cognitive impairment at baseline compared to the married women. The interaction term marital status × gender was statistically significant in the whole study sample (p = 0.0209 in the fully adjusted model 4). Table 4 shows that, among the single and widowed persons, an increase in social engagement was associated with a lower risk of cognitive impairment. Compared with subjects in the lowest tertile of social engagement scores, the adjusted OR of cognitive impairment was 0.50 for subjects in the second (95% CI: 0.27-0.92) and the third tertile (95% CI: 0.25-1.01). The scatter plot showed a positive correlation between social engagement scores and the MMSE total scores (Pearson correlation: 0.417, p < 0.001) ( fig. 1 ) . Figures are means ± SD or numbers with percentages in parentheses.
Discussion
Based on data from a large group of older Chinese adults in the SLAS cohort, we observed that singlehood and widowhood increased the odds of cognitive impairment independent of a wide range of known factors that contribute to cognitive function in late life, including social engagement. The association was much stronger in men than in women and was only statistically significantly in men. Social engagement was associated with reduced odds of having cognitive impairment among single and widowed persons.
Our findings are consistent with the results from a handful of previous studies that had been conducted in Caucasian populations [5] [6] [7] 17] and is in fact the first report on the asso- ciation between marital status and cognitive status in late life from an Asian population. Our findings suggest that a lasting relationship such as marriage has protective benefits on cognitive function. Although our data were collected cross-sectionally, it is in fact a retrospective cohort study in nature as marital status exposure happened before the study participants' cognitive functions were assessed. We assume that information bias on a simple fact such as marital status would be minimal, if not negligible. With the above arguments, a longitudinal relationship between marital status and cognitive impairment is supported by our results.
We propose that the observed association between marital status and cognitive impairment can be largely explained by psychological benefits that are associated with being in a relationship. Married individuals may be exposed to more cognitive and social engagement than those who are not married, and the cumulative effects of such engagements can protect them from cognitive impairment in late life. A married individual may also experience less psychological stress and feelings of loneliness because of the available emotional support and connectedness from a close companion. Given the important roles that a married man or woman need to play, married persons may also have a greater purpose in life. Those psychological benefits can provide additional protection in addition to cognitively engaging activities, as previous studies have shown that each of these factors, namely, psychological stress [18] , loneliness [19] or greater purpose in life [20] was associated with increased or reduced risk of dementia.
We observed that singles had elevated odds of cognitive impairment but the association was not statistically significant for those who were widowed or divorced. In men, there was Since our data were collected with a cross-sectional design in late life, a person categorized as 'single' would have never been married while a person categorized as widowed or divorced could have entered into that category late in life. In line with this hypothesis, in the study of Håkansson et al. [7] , the highest ORs were observed for those who were widowed/divorced in midlife and still so on average 21 years later. It is known that social engagement, which is defined by the maintenance of many social connections and a high level of participation in social activities, is a protective factor for cognitive impairment [2, 17, 21] . In our multiple logistic regression model, the summed social and productive activities scores were controlled for as a measure of social engagement, and the association between marital status and cognitive impairment persisted in the final model. However, the summed scores here reflect a person's participation in activities and do not measure the quantity and quality of one's social network; hence, we cannot rule out the possibility that social isolation may still play a major role in mediating the association between singlehood/widowhood and cognitive impairment. Notably, social engagement was associated with lowered odds of having cognitive impairment among those who were single or widowed, which supports the importance of its protective role in preserving cognitive function.
We found that the association between the marital status and cognitive impairment was significant in men but not women. The findings differ from those in the West as recent research supports that the average mental health benefits associated with entering marriage are similar for men and women [22] . In the study of Håkansson et al. [7] , the increase in risk of dementia was significant for both men and women, with slightly higher ORs for men. Although there is no simple explanation for the observed gender difference in the cognitive benefits of marriage in our study sample of Chinese older adults, gender differences in patterns of friendships and social networks may provide an explanation. Women, in general, have more intimate and personal friendships and social networks than men [23, 24] , which can compensate for the lack of intimacy and companionship in singlehood. In our study sample, the levels of participation in social activities and productive activities were much higher in women than in men ( table 2 ) .
The study has several limitations: (1) a cause-effect relationship between marital status and cognitive impairment cannot be established with the cross-sectional design of data collection; (2) residual confounding from unmeasured variables was possible and may have contributed to the observed associations, and (3) with a nonresponse rate of 21.8%, the influence of a participation bias could not be ruled out. Also, the study findings were based on a group of community-dwelling Asian older adults in Singapore and may not be generalizable to other populations.
Conclusion
In conclusion, we found that marriage was associated with reduced odds of having cognitive impairment among community-dwelling Chinese men but not women. This finding should be interpreted with caution and must be replicated and further examined with more studies of other populations. Since social engagement was associated with lowered cognitive impairment among those who are single or widowed, psychosocial interventions could be offered to this high-risk subgroup to reduce the incidence of dementia.
